INTRODUCTION
With increased prescribing of opioid analgesics for chronic non-cancer pain (CNCP) in the past decade, opioid abuse, addiction, and overdose death have risen in parallel. [1] [2] [3] [4] [5] In response, pain management experts, medical societies, and regulatory agencies have published guidelines for long-term opioid treatment aimed at reducing opioid misuse, 6-9 the use of prescribed opioids other than as directed or indicated. 10 Recommendations include urine drug testing, regular face-toface office visits to evaluate patients' response to opioids and risk of misuse, and adhering to a pre-defined refill schedule (i.e., restricting refills of opioids prior to expiration of the previous prescription). Although strong evidence to support these recommendations is lacking, 11, 12 experts endorse their role especially for patients at high risk of opioid misuse. [7] [8] [9] 13 Several patient characteristics have been associated with an increased risk of opioid misuse in observational studies. Younger age has been consistently associated with opioid misuse, [14] [15] [16] [17] [18] with more than 70% of opioid overdose deaths occurring in individuals under age 45. 19 Patients with a history of drug abuse or dependence have an increased risk of prescription opioid abuse or dependence 15 and up to six times greater risk of aberrant medication-related behaviors such as prescription forgery or obtaining opioids from lay persons. 14, 17, 20 Alcohol use disorders, 14, 21 tobacco use, 21 and mental health disorders 15, [20] [21] [22] are also associated with an increased risk for opioid misuse. Because primary care is the dominant health care setting in which opioids are prescribed for CNCP, we studied indicators of quality of care in monitoring for potential opioid misuse among primary care patients treated with long-term opioids. Specifically, our study aimed to: (1) evaluate the frequency of urine drug testing, regular office visits, and restricted early refills; and (2) examine the association of patient risk factors for opioid JGIM Electronic supplementary material The online version of this article (doi:10.1007/s11606-011-1648-2) contains supplementary material, which is available to authorized users. misuse with receipt of each of these three strategies. We hypothesized that use of risk reduction strategies would be low, but would increase among patients with risk factors for misuse.
METHODS
This retrospective cohort study used administrative data from eight urban or suburban primary care practices within the University of Pennsylvania Health System. All practices share an electronic medical record containing data on patient demographics, clinical diagnoses, inpatient and outpatient encounters, prescribed medications, and laboratory tests. The University of Pennsylvania Institutional Review Board approved this project. SAS version 9.1 (SAS Institute Inc, Cary, NC) was used to conduct all analyses.
Study Sample
Within a study timeframe from 01 January 2004 to 30 April 2008, we identified eligible patients aged 18 and older who met the following criteria: 1) three or more completed visits to a study primary care practice; 2) long-term opioid treatment defined by three or more opioid prescriptions written at least 21 days apart within 6 months; 23 and 3) an inpatient or outpatient ICD-9-CM diagnosis for musculoskeletal or neuropathic pain (available online). We excluded patients with cancer, except non-melanoma skin cancer or remote prostate cancer because of low risk of current cancer-related pain. We studied only African-American or white patients because of low prevalence (<5%) and heterogeneity of other races.
Long-term Opioid Treatment
Long-term opioid treatment was defined by three or more opioid prescriptions written at least 21 days apart within 6 months. For this determination and all analyses, we included oral, transdermal, or intranasal formulations of opioid medications except tramadol (not a controlled substance) and buprenorphine (not FDA-approved for treatment of chronic pain). Prescriptions that lacked data needed to calculate duration were excluded (i.e., start date, amount dispensed, or directions for use), as were prescriptions that were revised or reprinted within a 3-day window. The duration of opioid treatment, during which outcomes were assessed, lasted from the date of the first opioid prescription in the earliest 6-month period of long-term opioid treatment until 30 days after the final opioid prescription.
Outcome Variables
We created dichotomous outcome variables for each of three risk reduction strategies: 1) urine drug testing, 2) regular office visits, and 3) restricted early refills. Definitions of these variables were based on the minimal frequencies specified by guidelines and previous studies of these strategies. Urine drug testing was defined as at least one completed urine drug test for controlled substances at any point during opioid treatment. 7, 8, 24 Regular office visits was defined as at least one primary care visit (a) within each 6 months on long-term opioid treatment, and (b) within 30 days before or after each dose increase or change in opioid medication. 8, 9 To identify early refills of opioid prescriptions, we calculated the duration of a prescription based on the number dispensed and the directions, conservatively assuming that the patient took the medication at the maximal prescribed rate. We defined an early refill as being written at least 7 days before the previous prescription for the same medication should have been finished. Our definition of restricted early refills permitted up to one early refill as in previous studies. 17 
Classification of Risk Factors for Opioid Misuse
Our main independent variables were five risk factors for opioid misuse derived from prior research: (1) 21, 25 and (5) current or past mental health disorder (i.e., anxiety, depression, bipolar disorder, post-traumatic stress disorder, or schizophrenia). 15, [20] [21] [22] These conditions were identified from ICD-9-CM coded diagnoses from inpatient and outpatient visits (available online). Drug and alcohol use disorders were defined by an ICD-9-CM code for abuse, dependence, poisoning, withdrawal, or psychosis within our study timeframe. When the drug involved was an opioid, the diagnosis had to be made prior to the first opioid prescription because we wanted to identify risk factors for prescription opioid misuse. Codes for tobacco use and mental health disorders could occur at any time during the study timeframe. We examined each risk factor separately and analyzed an ordinal variable for the number of each patient's risk factors, categorized into four groups: none, 1, 2, or 3 or more (3+).
Other Covariates
To adjust for potential patient confounders, we created sociodemographic, clinical, and health care variables. Sociodemographic variables included: sex, self-reported race, and median household income of the zip code of residence, based on U.S. census data. 26 Clinical variables were defined from coded diagnoses for pain-related conditions and a medical comorbidity score developed following the approach of Elixhauser et al. 27 Health care variables included: proportion of scheduled primary care appointments kept, as a measure of adherence to care; 28 duration of opioid treatment; and total number of opioid prescriptions during the study timeframe. Because utilization of primary care services may influence receipt of urine drug testing or early refills, we created a three-level categorical variable to characterize utilization: (1) "high" if a patient visited at least once within each 6-month period of long-term opioid treatment and was in the highest quartile of monthly office visits; (2) "low" if a patient had at least one 6-month period of opioid treatment without a visit and was in the lowest quartile of monthly office visits; and (3) "intermediate" for the remaining patients. For each patient, the usual source of primary care was based on the most frequently seen physician during the study timeframe and that physician's main practice site.
Statistical Analysis
To examine the association of risk factors for opioid misuse with each of the three outcome variables of risk reduction strategies, we first examined bivariate associations using chisquare tests for categorical variables and the Cochran Armitage test of trend 29 for the number of risk factors, an ordinal variable (none, 1, 2, or 3+). To adjust for clustering of patients within physicians, we conducted multivariate analyses using non-linear mixed effect regression models for each outcome, with physician as a random effect. We constructed 3 models for each outcome: the first included each known risk factor individually, the second included variables for each of the risk factor groups (1, 2, or 3+) with none as a referent group, and the third considered the ordinal variable (none, 1, 2, 3+) as continuous, to identify a linear relationship (trend) between the number of risk factors and the outcomes. Because the scant literature on this topic does not support the use of specific weights for the contribution of each risk factor to a patient's overall risk for opioid misuse, we examined each risk factor individually as well as together, using the number of each patient's risk factors as a proxy for global risk.
To account for differences in the amount of time that patients were eligible for the outcomes, we adjusted for the duration of opioid treatment (weeks) in all models. We also adjusted for patient characteristics described previously: race, gender, median household income of zip code, appointment attendance rate, medical comorbidity score, and practice site. For analyses of the urine drug testing and restricted early refills outcomes, we included the primary care utilization variable to account for differences in opportunity to have these events. In post hoc analysis of restricted early refills, we examined the Pearson correlation of the number of early refills received by patients in relation to their total number of opioid prescriptions, and performed two sample t-tests to identify differences in the mean number of opioid prescriptions among patients with and without risk factors.
Because drug use disorder is the risk factor for opioid misuse with the strongest evidence in the scientific literature, we conducted a sensitivity analysis incorporating a hierarchical risk scale that placed the highest value on this factor. This analysis did not change our reported associations (available online). We also examined whether our results differed for patients who had been treated very long-term with opioids (i.e., 18 months or longer). In an unadjusted analysis, the relationship between the number of risk factors for misuse and each outcome in this group did not differ from those observed for full sample and are therefore not presented.
RESULTS
The study cohort included 1,612 primary care patients who received long-term opioid treatment for CNCP (Figure 1 ). Most study patients were female, African-American, and resided in zip codes where median household income was below $35,000 per year ( Urine Drug Testing. Before adjustment, urine drug testing was significantly associated with each of the five risk factors for opioid misuse (Table 2) . A drug use disorder was associated with over a fourfold increase in the unadjusted odds of urine drug testing, and after adjustment, the odds were still increased by threefold (Table 3) . Both unadjusted and adjusted odds of urine drug testing were significantly increased by approximately twofold for a mental health disorder. Although urine drug testing increased with an increasing number of risk factors for opioid misuse (test of trend, p<0.001), only 24.4% of the highest-risk patients (i.e., three or more risk factors) received any urine drug testing Figure 2 . Receipt of recommended opioid risk management practices, by number of patient risk factors for opioid misuse.
( Figure 2 ). In fully adjusted models, the odds of urine drug testing were increased threefold for patients with two risk factors and sixfold for patients with three or more risk factors, compared with no risk factors (Table 3) .
Regular Office Visits. Before adjustment, regular office visits were less likely for patients under 45 years old (Table 2) . However, after adjustment, making regular office visits was no longer associated with any risk factor or with the number of risk factors (test of trend, p=0.20) (Table 4) .
Restricted Early Refills.
Patients with a drug use or mental health disorder were significantly more likely to receive >1 early refill (less likely to have restricted early refills) ( Table 2) . After full adjustment, the odds of restricted early refills were significantly reduced by over 40% for a drug use disorder (Table 5 ), but no other risk factor was associated with this outcome. The number of patient risk factors was also inversely related to restricted early refills (p=0.001), with a 36% reduction in the adjusted odds of restricted early refills for patients with two risk factors and a 44% reduction for those with at least three risk factors, compared with no risk factors. The number of early refills was highly correlated with the patient's total number of opioid prescriptions during the study time frame (r=0.72). Patients with a drug use disorder received a greater number of opioid prescriptions than patients without a drug use disorder (mean of 27.5 and 19.6 prescriptions, respectively, p < 0.001), and received more prescriptions per month on opioid treatment (mean of 1.11 and 0.82, respectively, p<0.001), though their duration on opioid treatment was not significantly longer (mean of 103.3 and 99.7 weeks, respectively, p=0.728).
DISCUSSION
Among over 1600 primary care patients prescribed longterm opioids for CNCP, monitoring with recommended risk reduction strategies was quite limited. While being treated with long-term opioids, fewer than 10% of the cohort received any urine drug testing, only half had regular office based visits, and 23% received more than one early opioid refill. Although patients at increased risk of opioid misuse were more likely to have had urine drug testing, it was still infrequent, with less than one-quarter of the patients with three or more risk factors having any urine drug test. In addition, patients at increased risk of opioid misuse were more likely to receive more than one early refill, but their office-based 24, [30] [31] [32] [33] [34] In two primary care studies, only 2 to 18% of patients received urine drug testing. 24, 30 We found a similar overall low rate (8%) of urine drug testing but, despite a three to sixfold increase in the adjusted odds of urine testing for patients with multiple risk factors for misuse, only a minority were tested. Reasons for limited urine drug testing by primary care physicians might include lack of knowledge about the tests, 35, 36 concerns that patients will feel stigmatized, 37 and a limited evidence base. 11 However, urine drug testing performs better in identifying misuse than clinician judgment 38 or patient self-report. 39, 40 Physicians who monitor with urine drug tests report enhanced communication with their patients and improved safety of prescribed opioids. [41] [42] [43] To our knowledge, this is the first analysis of the frequency of primary care office visits during opioid treatment. Surprisingly, only half of patients met this minimum recommended frequency of office-based monitoring of patients on long-term opioid therapy. 8 Furthermore, patients at higher risk of opioid misuse
were not seen more regularly in the office. This lack of face-toface encounters represents missed opportunities for physicians to examine responses to treatment, propose alternative treatments when response is inadequate, detect side effects, and assess for misuse. In previous studies, the proportion of patients receiving early opioid refills ranged from 4% to 41%, 17, 18, 44 and 15% in a primary care setting. 17 We found that 23% of our cohort received more than one early opioid refill. But of even greater concern, patients with a current or past drug use disorder were more likely to receive early refills. This may be due to more requests for early refills from patients with a drug use disorder. 18 Indeed, these patients averaged more prescriptions per month than patients without a drug use disorder, consistent with prior observations. 45 Physicians providing these early refills may be unwittingly contributing to misuse or diversion. Requests for early refills among patients with a drug use disorder may also reflect inadequate analgesia, possibly because of greater analgesic requirements, 46 or because cautious physicians may restrict the dose of opioids. We acknowledge several limitations to this study. First, we studied 8 practices in a single university health system, which limits generalizability. Second, our clinical information comes from an electronic medical record and there may be misclassification, especially for drug and alcohol use disorders, as well as unmeasured confounding that could influence documentation of risk factors. Third, our selection of risk factors was based on observational studies of varying quality. Fourth, we could not account for patient differences in the severity of each risk factor. Fifth, our outcome variables were based on expert consensus but lack evidence of their impact on safety.
11 Finally, the timeframe in which we assessed the presence of opioid misuse risk factors and risk reduction strategies overlapped. Therefore, we cannot determine whether and when the physician became aware of a patient's risk factors, or whether the diagnosis of a risk factor such as drug use disorder was made prior to, or as a result of, a risk reduction strategy being performed. Overall, our findings reveal disturbingly low use of monitoring strategies to reduce the risk of adverse events from long-term opioid treatment and indicate that primary care physicians are not employing all these approaches more intensively for patients at increased risk of misuse. Our study supports recommendations for a more standardized approach to opioid risk reduction. 11, 13 A standardized approach could involve using screening tools to identify patients at increased risk for opioid misuse; 25,47-50 a treatment agreement that stipulates the necessity for regular office visits, restricted early refills, and urine drug testing; 51 and team-based care to track patients' visits, prescriptions, progress, and aberrant drug-taking behaviors. 52 Our research demonstrates the need for proactive approaches to this quality of care issue that has significant public health consequences.
